We have combined HST/FOS and ground-based spectra of the Seyfert 1 galaxy NGC 5548 to study the narrow emission lines over the 1200 -10,000Å region. All of the spectra were obtained when the broad emission line and continuum fluxes were at an historic low level, allowing us to accurately determine the contribution of the narrow-line region (NLR) to the emission lines. We have generated multicomponent photoionization models to investigate the relative strength of the high ionization lines compared to those in Seyfert 2 galaxies, and the weakness of the narrow Mg II λ2800 line.
Introduction
NGC 5548 is a bright, low-redshift (z = 0.0172) Seyfert 1 galaxy that has received a considerable amount of attention over the past decade. In particular, NGC 5548 has been the subject of a number of intensive spectroscopic monitoring campaigns in the optical and UV (Korista et al. 1995) . These efforts have yielded important results on the nature of the continuum source and the size, geometry, and kinematics of the broad-line region (BLR), for which the responsivity peaks at about 20 light days from the nucleus (Peterson et al. 1994) . Little attention has been paid to the narrow-line region (NLR) in NGC 5548, however, although it could lead to a better understanding of the circumnuclear environment at much greater distances from the nucleus of this otherwise well-studied active galaxy.
In general, studies of the NLR in active galaxies are important for understanding the nature of the NLR clouds and the interaction of the central continuum source with the surrounding galaxy on large scales. Emission-line studies and detailed photoionization modeling are particularly useful for determining the range of physical conditions and reddening amongst the NLRs in active galaxies. A comparison of the NLR properties in Seyfert 1 and Seyfert 2 galaxies should be helpful in testing unified theories, which postulate that the two types are the same object viewed from different perspectives, such that the continuum source and BLR are "hidden" in Seyfert 2 galaxies (Miller & Goodrich 1990; Antonucci 1993) . If this basic hypothesis is correct, then the intrinsic properties of the NLRs in Seyfert 1 and Seyfert 2 galaxies should not show large systematic differences.
The narrow lines in Seyfert 1 galaxies are more difficult to measure than in Seyfert 2 galaxies, due to blending with the broad lines. However, given spectra with sufficient signal-to-noise ratio and spectral resolution, these components can be isolated and measured reasonably well (Crenshaw & Peterson 1986 ). Measurements of the narrow lines in the optical are given by Cohen (1983) for a large number of Seyfert 1 galaxies. In the UV, these measurements were difficult with the low spectral resolution of the International Ultraviolet Explorer (IUE), but are possible with instruments on the Hubble Space Telescope (HST), such as the Faint Object Spectrograph (FOS).
The FOS UV spectra of NGC 5548 presented in a previous paper (Crenshaw, Boggess, & Wu 1993 ; hereafter Paper I) provide a good starting point for detailed studies of the NLR in a Seyfert 1 galaxy. These observations happened to occur at a time when the broad emission lines (and continuum fluxes) were at an historic low in the UV, and the contrast between the broad and narrow components is thereby enhanced. Paper I gives the UV spectrum and measurements of the broad and narrow lines in NGC 5548. Relative to the other narrow lines, C IV λ1549 is much stronger in NGC 5548 than in Seyfert 2 galaxies, indicating a higher ionization parameter and/or harder continuum in the NLR of NGC 5548. Narrow Mg II λ2800 emission is very weak or absent in NGC 5548, and Paper I presents two possible explanations: 1) the NLR clouds lack the presence of a partially-ionized zone (i.e., they are optically thin to ionizing radiation), and/or 2) dust grains are present in the NLR clouds, and the Mg II flux is weak due to depletion and/or destruction from multiple scatterings and eventual absorption of the photons by dust (Kraemer & Harrington 1986; Ferland 1992) .
We now have the opportunity to investigate the preliminary results from Paper I in more detail, by including ground-based optical spectra and photoionization models. From the ground-based monitoring campaigns, we have selected spectra that cover the full optical range (3000 -10,000Å) and were observed around the same time period as the UV data, when the broad-line fluxes were very low. The combination of optical and UV lines provides a wide range of emission-line diagnostics, as well as an opportunity to deredden the lines using the He II recombination lines. We can then use multicomponent photoionization models to match the dereddened line ratios and probe the physical conditions in the NLR of NGC 5548.
Observations and Data Analysis

UV and Optical Spectra
We obtained the FOS UV spectra of NGC 5548 through a 1 ′′ .0 circular aperture on 1992 July 5 UT. Paper I gives the details of the observations and measurements, along with the UV spectrum and emission-line fluxes (with associated errors). The observations were made prior to the installation of COSTAR on HST, so near-simultaneous IUE spectra were used to adjust the absolute flux levels of the FOS spectra. As noted in Paper I, the scale factors needed to bring the FOS continuum fluxes up to the IUE levels are around 1.4 -1.5, which are somewhat higher than the values of 1.1 -1.3 for our other Seyfert observations. We concluded that the Seyfert nucleus may not have been accurately centered in the aperture. Koratkar et al. (1996) suggest that another possible explanation for the discrepancy in absolute fluxes is nonlinearity in the IUE detectors. However, we have seen no evidence for this possibility in other observations at these flux levels, so we have no reason to distrust the IUE fluxes. In addition, reprocessed versions of these spectra that we obtained from the HST and IUE archives have not changed the original fluxes by more than 10%, so we continue to use the values from Paper I. Some of the emission lines in Paper I have only a single number quoted for the flux (as opposed to separate values for the broad and narrow components); a single value represents the narrow-line contribution, since the broad component is either not present or too weak to be detected in these cases.
We selected two optical spectra obtained during a four-year monitoring campaign on NGC 5548 (Peterson et al. 1994) , from a time interval of ∼30 days when the Hβ and continuum light curves were at their lowest levels to date. The spectra were chosen on the basis of their large wavelength coverage (3000 -10000Å), high signal-to-noise ratio (≥50 per resolution element in the continuum at 5200Å), and acceptable resolution (∼8Å).
The spectra were obtained through a 4
′′
.0 x 10 ′′ .0 aperture with the 3.0-m Shane telescope + Kast spectrograph on 1992 April 21 and 1992 May 23 UT. Additional details on the observations are given by Peterson et al. (1994) . The absolute flux levels were adjusted by scaling the optical spectra so that the [O III] λ5007 flux is 5.58 x 10 −13 ergs s −1 cm −2 , a value determined from observations through large apertures on spectrophotometric nights (Peterson et al. 1991) . The scale factors we used are 1.36 for the 1992 April 24 spectrum and 1.01 for the 1992 May 23 spectrum.
Plots of the optical spectra are shown in Figure 1 (the UV spectrum is shown in Paper I). The contrast between the broad and narrow components of the permitted emission lines is most clearly seen in Hβ. The 1992 April 21 spectrum was obtained at an historic low level, with a continuum flux of F λ (5100Å) = 5.5 x 10 −15 ergs s −1 cm −2Å−1 and total Hβ flux of F(Hβ) = 3.2 x 10 −13 ergs s −1 cm −2 . The flux levels are a little higher for the 1992
May 23 spectrum with F λ (5100Å) = 6.0 x 10 −15 ergs s −1 cm −2Å−1 and F(Hβ) = 3.7 x 10 −13 ergs s −1 cm −2 . At the time of the FOS observations on 1992 July 5, the continuum and Hβ fluxes were close to the same levels as those from the second optical spectrum, according to the light curves of Peterson et al. (1994) .
Although the optical aperture is much larger than the one used for the UV Crenshaw & Peterson 1986 ). The adopted flux for each narrow component is the average of the values from each of the two spectra.
We determined the reddening of the narrow emission lines from the He II λ1640/λ4686 ratio and the Galactic reddening curve of Savage & Mathis (1979) . For the temperatures and densities typical of the NLR, the He II lines are due to recombination, and this particular ratio only varies from 6.3 to 7.6 (Seaton 1978) ; we adopt an intrinsic value of 7.2, consistent with our model values (Section 3). The observed He II λ1640/λ4686 ratio is 5.5 ± 1.6, which yields a reddening of E B−V = 0.07 mag
−0.06 . The portion of the reddening that is due to our own Galaxy is E B−V = 0.03 mag, determined from a neutral hydrogen column density of N HI = 1.6 x 10 20 cm −2 (Murphy et al. 1996) and the relationship E B−V =N HI /5.2 x 10 21 cm −2 (Shull & Van Steenburg 1985) . We note that the intrinsic reddening of the narrow emission lines in this Seyfert 1 galaxy, E B−V ≈ 0.04 mag, is much smaller than typical values of 0.2 -0.4 mag obtained for Seyfert 2 galaxies (MacAlpine 1988; Ferland & Osterbrock 1986; Kraemer et al. 1994 ).
We determined errors in the dereddened ratios from the sum in quadrature of the errors from three sources: photon noise, different reasonable continuum placements, and reddening. Errors in the optical ratios are dominated by continuum placement, whereas errors in the UV to optical ratios are due to both continuum placement and uncertainties in the reddening correction. Errors in the weak lines in both regions also have a significant contribution from photon noise. As we discussed earlier in this section, there are some possible sources of systematic error in the UV to optical line ratios, on which we placed upper limits of ∼20%. (Cohen 1983; Crenshaw & Peterson 1986; Peterson 1987; Wamsteker et al. 1990; Rosenblatt et al. 1992; Wanders & Peterson 1996) : these values range from 0.10 to 0.15, compared to our value of 0.12 ± 0.01.
The Ionizing Continuum
Estimates of the ionizing continuum are needed as input values for the photoionization models of the NLR. We choose the continuum data points given by Krolik et al. (1991) , since they represent the historic mean levels for this object. As always, the greatest uncertainty is the shape of the extreme ultraviolet (EUV) continuum. Figure 2 gives the UV continuum point closest to the EUV region, at 1340Å, and the X-ray continuum points from Krolik et al. (cf. Turner & Pounds 1989; Clavel et al. 1991) The dotted line in Figure 1 gives Krolik et al.' s continuum fit in the EUV, which is a power law determined from the UV data along with an exponential cutoff designed to meet the first X-ray point. We prefer a fit with two power laws (in the form L ν = Kν α ), given the evidence for an upturn in the spectrum at energies smaller than 1 -2 keV (i.e., a soft X-ray excess). A fit to these data yields α = −1.40±0.03 in the EUV and soft X-rays, and α = −0.40±0.03 in the hard X-rays; the break point is at ν = 10 17.1 Hz −1 (1.3 keV).
NGC 5548 was monitored by the Extreme Ultraviolet Explorer (EUVE) over a two month period during 1993 March -May (Marshall et al. 1997) . During this time, the EUV flux varied by a factor of four from peak to minimum, and the average flux (corrected for Galactic neutral hydrogen absorption) was 135 µJy at ∼76Å. These observations provide an important constraint on the EUV ionizing continuum, but were not used directly in our continuum fit for two reasons. First, the neutral hydrogen absorption due to our Galaxy is well known (see the previous section), but there could be additional absorption along the line of sight. Second, the EUVE flux, averaged over two months, may not be representative of the average flux over many years. Given these caveats, we plot the EUVE continuum point in Figure 2 for comparison with our adopted continuum; the error bar was determined from an estimate of ±10% uncertainty in Galactic N HI (see Murphy et al. 1996) . The EUVE point is slightly higher than the continuum fits in Figure small, and will be discussed later in the paper.
Photoionization Models
In modeling the narrow-line emission of NGC 5548, we have adhered to our basic philosophy of keeping the number of free parameters to a minimum, by using the available observational constraints and the simplest assumptions possible. The parameters are varied until the best agreement is obtained with the observed line ratios, and additional input parameters are only included if they are needed to provide a reasonable match to the majority of the lines. Discrepancies between the model predictions and specific lines are then investigated to provide further insight into the physical conditions. In some cases we generate variations on the standard model using additional parameters (such as dust) or nonstandard values of the initial parameters (such as nonsolar abundances) to illustrate our ideas for resolving the discrepancies.
Methodology
The basic modeling methodology that we employ is described in Kraemer et al. (1994) and the details of the photoionization code are given in Kraemer (1985) . To review the major points, we assume plane parallel geometry, which is reasonable if the gas is ionized by radiation from a central source at a distance that is large compared to the extent of the cloud. The gas is assumed to be atomic (i.e., there is no molecular component). For radiation bounded models, we stop the integration into the slab when the electron temperature falls below 5000 K and there is no longer any significant line emission. The emission line photon escape is through the ionized face of the slab. Details of the treatment of dust in the models are described in Kraemer (1985) . Since the work of Kraemer et al. (1994) , we have added iron to the elements modeled in the code. The atomic data that we used can be found in Pradhan & Peng (1994) , and references contained therein, as well as through Ferland's "Cloudy and Associates" World Wide Web site (http://www.pa.uky.edu/∼gary/cloudy). The final output of these models is an emission line spectrum. The line strengths are tabulated relative to Hβ. In addition, the model gives the volume emissivity of Hβ, from which we can determine the mass of gas required to produce the observed line emission, the efficiency of production of Hβ photons, and an estimate of the covering factor.
In order to keep the input parameters to a minimum, we kept two of them fixed for our standard model: the shape of the ionizing continuum and the abundances. We used the simplest possible ionizing continuum consistent with the observations, as described in Our photoionization models are parameterized in terms of the density of atomic hydrogen (N H ) and the dimensionless ionization parameter at the illuminated face of the cloud:
where L ν is the frequency-dependent luminosity of the ionizing continuum, D is the distance between the cloud and the ionizing source, and hν 0 = 13.6 eV.
We show that we must add two enhancements to our standard model to obtain an acceptable match to the observations. First, we need two components of gas, characterized by different ionization parameters and densities. Second, we show that the inner component must be optically thin (i.e., radiation bounded) at the Lyman edge (13.6 eV). We are then able to vary the ionization parameter and density of each component to match the observations. Of course, the resulting standard model is an oversimplification, since it is likely that the NLR clouds are characterized by a number of different ionization parameters, densities, and optical depths. We have effectively averaged the initial conditions for each of these components to fit the largest selection of line ratios. Given this simplification, the two-component model gives a surprisingly good fit to the observations. The choice of density for these models is based on the relative strengths of certain forbidden emission lines in the spectrum of NGC 5548. An emission line will not be an important coolant in gas with sufficiently large electron density that collisional de-excitation of the line will dominate over radiative transition (see Osterbrock 1989) . For example, the observed [Ne V] λ3426/Hβ ratio indicates that the density of the component in which that emission originates must be less than ∼5 x 10 7 cm −3 (DeRobertis & Osterbrock 1984) .
Given the hardness of the ionizing continuum, one would expect high temperatures in this highly ionized gas. The lower limit on the density of this component can be estimated from the relative strength of the
is less than 5, which indicates either low density, highly ionized gas, as is often seen in the extended NLR of Seyfert 2 galaxies (Storchi-Bergmann et al. 1996) , or density greater than 10 6 cm −3 and some collisional supression of the λ5007 line. The ratio of
is very high (∼0.09). In the low density limit, this ratio is ∼7 x 10 −3 at a temperature of 10 4 K (Osterbrock 1989) . At this low density, it is unlikely that temperatures consistent with photoionization equilibrium can increase this ratio to the observed value, and probable that the large λ4363/λ5007 ratio is due to the fact that some of this emission arises in gas of high density (i.e., > 10 6 cm −3 ). At this density and level of ionization, the [N II] λλ6548, 6584 emission from this component will be negligible, so there must be a lower ionization and lower density component present. In order for the [N II] lines to be among the principal coolants from this component, its density must be less than 1 x 10 5 cm −3 . Other studies (cf. Filippenko & Halpern 1984; Filippenko 1985; Kraemer et al. 1994) have shown that a range of densities in the NLR of Seyfert galaxies is likely, so it is not surprising that this condition exists in NGC 5548.
To summarize, the range in density, along with the presence of emission lines from a wide range of ionization states, indicates that more than one model component is needed to fit the NLR spectrum of NGC 5548. The existence of strong high ionization lines such as C IV λ1549, N V λ1240, and [Ne V] λλ3346, 3426, and our evidence for high densities in the region that they are produced, requires a component of gas relatively close to the central source. The weakness of Mg II λ2800 and [O I] λλ6300, 6364 indicate that these gas clouds lack a significant partially ionized zone, and therefore must be optically thin to the ionizing radiation (or "matter bounded"). We further investigate the conditions in these two components below.
Model Results and Comparison to Observations
Our approach in modeling NGC 5548 was to fit the high ionization component first Table 2 .
A second component, OUTER, was needed to fit the lower ionization lines. We found that U = 10 −2.5 and N H = 2 x 10 4 cm −3 gave a good simultaneous fit to the λ5200 lines. The resulting emission line spectrum from OUTER is also included in Table 2 .
(We will discuss two variations on INNER and OUTER in the next section.)
In order to fit the observed (and dereddened) narrow-line spectrum of NGC 5548, we combined the output spectrum of the two standard components INNER and OUTER.
In previous studies, we attempted to weigh the contributions from each component to fit specific emission line ratios. For the model of NGC 5548, we simply took an equal contribution from INNER and OUTER. The relative simplicity of the narrow-line spectrum and lack of a strong contribution from very low-ionization gas makes such a simple fit possible. The combined spectrum is given, along with the dereddened observed spectrum for comparison, in Table 3 (horizontal lines in the table indicate that the models do not predict the strengths of these emission lines).
Comparison of the model predictions to the dereddened observed spectrum in Table 3 shows agreement, to within the errors, for most of the lines. In particular, these include
, and the Balmer decrement. In radiation bounded gas, the ratio of the He II lines to Hβ is strongly dependent on the shape of the ionizing continuum, because neutral hydrogen is the dominant absorber of ionizing radiation between 13.6 eV and 54.4 eV, while above 54.4 eV, singly ionized helium dominates. If there is a component of matter bounded gas, He II/Hβ is less easily predicted. The accuracy of our fit to this ratio indicates that the relative contributions of the matter and radiation bounded components are approximately correct, given the observational constraints on the ionizing continuum. The fact that we have a reasonable fit for lines that span a wide range of ionization and critical densities supports our values for density and ionization parameter. Most of the discrepancies between the observations and models are in the lowest and highest ionization lines, which we will address below.
Discrepancies and Possible Explanations
First, we address differences between the predicted and observed ratios for the low the hardness of the ionizing continuum and the physical depth of the emission line clouds.
Since it appears that we have a good fit for the ionizing continuum, the weakness in the An obvious explanation for the weak observed Mg II is depletion of the magnesium into dust grains, along with suppression of the resonance photons by multiple scatterings and eventual absorption by dust. This was suggested in Paper I (cf. Kraemer & Harrington 1986; Ferland 1992 ). For comparison with our standard model, we generated a version of OUTER that includes dust, assuming a dust to gas ratio that is 30% of that found in the Galactic interstellar medium, with equal amounts of graphite and silicate grains and accompanying depletions. These assumptions were made to avoid biasing our results by simply having all of the Mg depleted into dust grains. We assumed relative element depletions as calculated by Seab & Shull (1983) , and the grain size distributions determined by Mathis et al. (1977) and Draine & Lee (1984) ; details of the treatment of dust in the code are given by Kraemer (1985) . The results of the model are given in Table 2 , and not only show a significant drop in the relative strength of Mg II λ2800, but also a drop in the Lyα strength, as is expected due to the preferential dust absorption of multiply scattered UV resonance lines. The lower Lyα/Hβ ratio is a better fit to the observations.
A substantially larger dust-to-gas ratio than we assumed would result in a Lyα/Hβ ratio that is lower than observed. Therefore, it is likely that there is some dust mixed in with the low-ionization gas, although with a lower dust to gas ratio than found in the ISM, and that depletion coupled with the resonance line suppression explain the weak Mg II. An obvious way in which the coronal lines might be enhanced is if there were a component of ionizing radiation that contributed significantly at energies between 100 and 500 eV. Although there has been some speculation about the presence of a "blue bump" in the EUV, recent work by Zheng et al. (1997) on low-redshift quasars shows that the near EUV continuum is likely to be much steeper than previously supposed. In NGC 5548, the EUVE continuum point in Figure 2 is further confirmation that a large blue bump is not present in the spectrum of NGC 5548. Another possibility may be diffuse radiation from the intercloud medium. Tran (1995) has shown that there may be a contribution to the continuum radiation in some Seyfert 2 galaxies from thermal emission from the intercloud medium responsible for the scattering of the hidden BLR emission into the observer's line of sight. If a similar medium with temperatures ≈ 5 x 10 5 K exists in the NLR of NGC 5548, it is possible that free-free radiation and line emission that arise within it may contribute to the ionization of the inner narrow-line gas. Although this component would be weak compared to the continuum radiation emitted by the central source, it could have a significant local contribution to the ionization balance of clouds existing within this inner region. However, recent observations suggest that the extended UV continuum seen in some Seyferts may be due to starbursts (Heckman et al. 1997 ), which would not contribute to the high ionization lines.
In studies of medium redshift QSOs, Ferland et al. (1996) found evidence of supersolar abundances. There is no direct evidence of elemental enhancements in Seyfert galaxies, but it is certainly not implausible, particularly near the nucleus, where the most intense activity occurs. As Oliva (1996) points out, the coronal line emission will be enhanced proportionally to the abundance of the atomic species. As a comparison, we ran a version of INNER with a heavy element abundance that is twice solar, and the results are shown in 
Discussion
From our standard model, we can estimate several global properties of the NLR in NGC 5548, including the covering factor and physical size, in addition to more local properties, including optical depth and presence of dust. We determine the covering factor of the NLR gas from the observed and model values of the "conversion efficiency", η , which is the ratio of Hβ photons to ionizing photons. The covering factor is given by C = η(observed)/η(model). A value of C > 1 would indicate that the ionizing radiation is anisotropic, which we would not expect to be the case for a Seyfert 1 galaxy, since the central source is seen directly in such objects. Assuming Ho= 75 km s −1 Mpc −1 , the observed Hβ flux corresponds to a luminosity of 3.8 x 10 40 ergs s −1 , or 9.3 x 10 51 Hβ photons s −1 . From the continuum observations described in section 2.2, we calculate a total luminosity of ionizing photons of 1.09 x 10 54 s −1 . This yields an observed η = 0.009.
Our fit to the observed emission line spectrum assumed that each component in our model contributed 50% of the Hβ emission. The resulting values of η were 0.06 for INNER and 0.11 for OUTER, and the covering factors are 0.07 and 0.04, respectively, so C(NLR) = 0.11. The value is small compared to those found for Seyfert 2 galaxies, which are often > 1 (Kinney et al. 1991; Kraemer et al. 1994) , and there is no evidence for anisotropic radiation. Note that this estimate of covering factor does not include the BLR clouds, which contribute at least 50% of the flux in many of the strong lines, even when NGC 5548 is in its lowest state (Paper I).
Given the ionization parameters and densities of the two components from our standard model, as well as the ionizing luminosity, the characteristic sizes (i.e., radii) for the two emitting regions are 1 pc for INNER, and 70 pc for OUTER. (Using the higher continuum luminosity given by the EUVE point in Figure 2 would increase these values by a factor of only √ 1.30, or 1.14.) Thus, the NLR of NGC 5548 is physically compact, since the size of OUTER is much smaller than typical values of 200 -1000 pc determined for Seyfert 2 galaxies, using the same methods that we have described in this paper (Kraemer & Harrington 1986; Kraemer et al. 1994) . Although there have been reports of extended emission from NGC 5548 (Wilson et al. 1989) , the contribution to the integrated emission line spectrum from this region is small ; we estimated the contribution to the narrow UV lines outside of a 1 ′′ aperture (330 pc for H 0 = 75 km s −1 Mpc −1 ) to be only ∼20%. This is consistent with our finding that the majority of the narrow emission must arise in a region with a "diameter" of 140 pc. Pogge (1989) and Schmitt & Kinney (1996) claim that the apparent size of the NLR in a Seyfert 1 galaxy is typically much smaller than that of a Seyfert 2 galaxy, although this may be due to a selection effect, since most of the Seyfert 2s in the it HST archive were selected on the basis of their extended emission (Wilson 1997) . Nevertheless, it is clear that the majority of the Seyfert 1 galaxies in these studies are apparently compact. This cannot be explained by viewing angle alone, since the opening angles of the presumed ionization cones are large, and in the simplest version of the unified model, the apparent extent of most Seyfert galaxies should be much larger, even if viewed "pole-on" (Schmitt & Kinney 1996) . Our results show that a possible explanation for the small apparent size of the NLRs in many Seyfert 1 galaxies is that they are truly (i.e., physically) compact. Schmitt & Kinney explain this phenomenon as a result of the orientation of the obscuring torus with respect to the plane of the galaxy. However, their model does not explain the dominance of the high ionization lines in NGC 5548 and many other Seyfert 1 galaxies, a feature not generally seen in Seyfert 2 galaxies (Koski 1978; Shuder & Osterbrock 1981) . Thus, if the unified model applies we might expect that the narrow emission line spectrum of this Seyfert 1 galaxy would resemble that of Seyfert 2 galaxies, and, further, we would expect to see a noticeable contribution to the spectrum from gas hundreds of parsecs from the central source. It is possible that the high ionization region in Seyfert 2 galaxies is obscured by a torus, but this does not explain the absence of a low ionization component in NGC 5548.
Not only do our models show that the narrow-line spectrum can be well fitted without such a component, but it is clear that the NLR of NGC 5548 is dominated by high ionization gas that must be located close to the central source.
A few Seyfert 1 galaxies do indeed show significant NLR emission at large distances from the central source. For example, HST observations of NGC 4151 (Evans et al. 1993; Hutchings et al. 1997 ) reveal an array of knots and filaments out to a kiloparsec that are almost certainly ionized by the central continuum. It may be that some Seyfert 1 galaxies, such as NGC 4151, have extended emission line regions and narrow lines in their spectra that closely resemble Seyfert 2 galaxies. Cohen (1983) studied the optical narrow line spectra of a group of Seyfert 1 galaxies and found some resemblance although, as a group, they appeared to be of somewhat higher ionization. Certainly, some of the galaxies in his study have spectra that are indistinguishable from those of type 2 Seyferts, but others, like NGC 5548, appear to be dominated by high ionization lines, a condition that appears to be rare among Seyfert 2 galaxies. It would be extremely interesting if one could determine if these high ionization objects are as compact as NGC 5548 appears to be. Unfortunately, optical spectra alone are insufficient for detailed modeling of the NLR, and thus far, accurate measurements of the narrow-line strengths in the UV have only been obtained for NGC 5548 and NGC 4151 (Ferland & Mushotzky 1982 ).
As we stated above, our finding that the inner component of gas is optically thin at the Lyman limit is based both on the absence of strong Mg II emission and the relative strength of the high ionization lines. If this is indeed true, not only for NGC 5548 but for other Seyfert 1 galaxies, it may be a clue to the origin of the inner narrow-line gas. Thin filaments or knots of reasonably high density (∼ 10 7 cm −3 ) could be the result of outflow from the BLR, either as condensations in an expanding intercloud medium or as "tails" of BLR clouds, driven out by radiation pressure. If so, the small physical depths of the clouds inferred from our modeling (∼ 10 14 cm) may constrain the sizes of their BLR progenitors.
Note that there has been some recent success in models of the BLR using a component of optically thin clouds (Shields, Ferland, & Peterson 1995) . There have been other studies suggesting that the clouds in the NLR are matter bounded or that some mix of radiation bounded and matter bounded clouds exist Viegas-Aldrovandi 1988) .
Such a mix might give rise to the filamentary structure seen in some [O III] images of Seyfert galaxies rather than the typical molecular clouds found in spiral galaxies, and may
give a clue about the origin of the NLR gas.
One other point regarding the NLR gas is that it appears that there may be some dust present within the outer components of the emitting region. Dust is certainly able to exist in clouds at this proximity to the central source, with dust temperatures reaching a few hundred K (Kraemer & Harrington 1986) . Nevertheless, the history of the dust in this gas is unknown. Our finding that the outer clouds may not be purely radiation bounded would indicate that they are not simply interstellar molecular clouds that have an outer shell ionized by the central source. Our finding that there is probably dust mixed in with this gas will be important in determining the origin of this component.
Finally, Moore et al. (1996) find a correlation of ionization potential of the narrow emission lines with velocity width in NGC 5548. Combined with our finding that, to first order, the ionization level decreases with distance, this indicates that the radial velocities decrease with increasing distance. This trend is also seen in a more direct fashion in spatially resolved spectra of the inner NLR in NGC 4151 (Hutchings et al. 1997) .
Conclusions
We have analyzed UV and optical spectra of the Seyfert 1 galaxy NGC 5548 that were obtained when it was at an historical minimum. We were able to isolate the narrow emission line components (which do not vary in flux on short time scales), due to the relative weakness of the more rapidly variable broad emission lines that are usually blended with the narrow components. We have constructed photoionization models of the narrow-line region of this galaxy, and are able to successfully match the observed dereddened ratios of a large number of emission lines to within the errors, with the exceptions noted in Section 3.3.
Since we used the best direct observational evidence of the shape of the ionizing continuum, rather than making adjustments based on fitting emission line ratios, the quality of this fit is particularly satisfying. The fact that a good fit was obtained for the permitted emission From our analysis and modeling of these spectra, we can make several statements regarding the physical conditions in the NLR of NGC 5548. First, it is clear that the principal source of ionization in the NLR of NGC 5548 is the central continuum source.
This conclusion is borne out by the quality of the fit to the emission line spectrum. The NLR covering factor is reasonably small (C = 0.11), so the NLR gas does not need to intercept much of the ionizing continuum to produce the observed emission lines fluxes. A second conclusion is that the highly ionized gas in the inner part of the NLR appears to be optically thin at the Lyman limit (τ 0 ≈ 2.5), which yields constraints on the physical depths of these clouds and may provide a clue to their origin. We have also presented evidence for supersolar abundances in the inner portion of the NLR, and dust in the outer portion.
The most important conclusion that we have reached in this study is that the NLR of NGC 5548 is physically compact, with the majority of emission coming from a distance ≤ 70 pc from the nucleus. By contrast, the unified model of Seyfert galaxies suggests that the physical dimensions of the NLR in Seyfert 1 and 2 galaxies should be similar. Additional studies of the type that we have presented in this paper, particularly of other Seyfert 1 galaxies, are important for testing this aspect of the unified model.
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Our broken power-law fit (α = −1.4, −0.4) is given by the solid line. The EUVE continuum point described in the text is given for comparison. b Calculated using E B−V = 0.07 mag.
c Estimated uncertainty in the reddening-corrected ratio. 
